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Detector baseline

Calorimeter

10°/6°
Nose
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Detector baseline zoom
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Detector baseline

ADRIANO Calorimeter

* Lead glass + scintillating fibers
« ~1.4° tower aperture angle

« 180 cm depth

« ~ 7.5\ .depth

Int

- >100 X depth

Fully projective geometry
Azimuth coverage

down to ~8.4° (Nose)
Barrel: 16384 towers
Endcaps: 5544 towers
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Detector baseline

« WLS's collect Cerenkov photons
generated in lead glass (front and
back readout)

« Scint fibers generate and collect
scintillating photons (front and
back readout for fibers in the core
of the tower; only back readout for
the other fibers)

« Simulation include:

 SiPM with ENF=1.016

 Fiber non-uniformiti response = 0.8%
(scaled from CHORUS)

« Threshold = 3 p.e. (SiPM dark current< 50
kHz)

« ADC with 14 bits
« Gaussian noise with o= 1 p.e.
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Simulating MARS event

e Simulated 1 MARS event
* Origin of the particles: cone
* Background particles files for p* and p~ within 25 m
and beyond 25 m
* Particle in a MARS event ~1x10°, almost all originated
within 25 m
 Particles from file within 25 m have weight ~ 20
* These particles are split using azimuthal symmetry
 Particles from file beyond 25 m have weight << 1
* Pick up randomly these particle, taking care the
Integral weight is the same
* This have been done 10 times, then the average
signal have been used
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Simulating MARS event

 Time and disk space needed to simulate 1 MARS event
using full geometry and full simulation
 Weighted particles:
*1 CPU<->200h
« 150 Gb disk space
 Unweighted particles;
1 CPU <->2000 h
1 Th disk space
* Disk space and CPU time can be reduced using
simplified geometry and fast simulation
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MARS event overview

Timing and space distributions
of one background event
iInto the calorimeter
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Timing of the Physics sighal and background event

Signal and background timing *Entire background

considered (25 m + 250 m)
*Physics signal is an average
of few events (it is not in scale
with background)
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background vs theta for different
calorimeter integration time

background energy distribution vs theta at different time gate
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Development of the background event into
the calorimeter

background signal development into the calorimeter

104 £
: ~80% of the background
- T hits is originated within
E 3 i foremost 20 cm of the
210 FE calorimeter
-
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MARS event overview

Energy distribution of the
background per tower
for different species
using different time gate
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Energy distribution per tower. MARS input file within 25 m;

Integration time gate [0 — 300] ns

[ Neutrons — F: MUONS

250

200

501

1 % I-: r 1

) {all 25m)

Energy (GeV)

B 1 1 1 | 1 1
% 20 a0 60 80
#ch ¢

e Others

20 40 60
#ch ¢

- electrons

— ]

L1 | 1
120

[se=es gammas

Energy (GeV)

20 40 60 80 100 120
#ch ¢

1 entry = energy of 1 tower

Most of the energy is
in the endcaps originated by
Neutrons and gammas
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Energy distribution per tower. MARS input file within 25 m;
Integration time gate [5 - 105] ns

s NEULFONS

20 40 60 80 100
#ch ¢

- electrons —

40 60 80 100 120
#ch ¢

Energy (GeV)

== MUONS

250

200

501

—— others

250

200

501

20 40 60
#ch ¢

80 100

(=]
Energy (GeV)

Energy (GeV)

[ gaAMMAs «_J

250

200~ 4

Energy (GeV)

50

i 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
% 20 40 60 8 100 120 °
#ch ¢

1 entry = energy of 1 tower

Most of the energy is
in the endcaps originated by
Neutrons and gammas

With shorter integration time
gate background is reduced
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Energy distribution per tower. MARS input file within 25 m;
Integration time gate [5 - 25] ns

[ NEULrONS ] [ g@ammas |

250

Energy (GeV)
Energy (GeV)
Energy (GeV)

i 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1
% 20 40 60 8 100 120 °
#ch ¢

20 40 60 80 100
#ch ¢

- electrons —
1 entry = energy of 1 tower

Most of the energy is
in the endcaps originated by
Neutrons and gammas

Energy (GeV)

Almost the same contribution
of background as in 100ns
integration time gate

40 60 80 100 120 60 ) 80 100 120

#ch ¢ #ch ¢
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Energy distribution per tower. MARS input file within 250 m;
Integration time gate [0 — 300] ns

[ NEUtrons —;
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1 entry = energy of 1 tower

Most of the energy is
in the endcaps originated by
some muons hotspot
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Energy distribution per tower. MARS input file within 250 m;
Integration time gate [5 - 105] ns
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Most of the energy is
in the endcaps originated by
some muons hotspot

No difference using shorter
integration time gate
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Energy distribution per tower. MARS input file within 250 m;
Integration time gate [5 - 25] ns

s NEULFONS

250

200

50—

~20 20 e0 30 100 120
#ch ¢
- electrons —

== MUONS
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1 entry = energy of 1 tower

Most of the energy is
in the endcaps originated by
some muons hotspot

No difference using shorter
integration time gate
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MARS event overview

Energy distribution of the
background per tower vs theta
for different species

using different time gate
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Energy distribution per tower vs theta. MARS input file within
250 m; Integration time gate [0 — 300] ns

[ NEULFONS — o MUONS iz | [ gammas ]
301 6 g 3o: 22§ 30: gog
251 55 250 % 251 5
. 2 - 18§ ; 70 2
u B —160' i u
_20F —4 _20F _20F 60
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a5k PO 5z from 250 m only muons
C 125 C @ - -
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Energy distribution per tower vs theta. MARS input file within
250 m; Integration time gate [5 — 105] ns
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With background particles
from 250 m only muons
contribute to energy into
the calorimeter

No difference using shorter
integration time gate
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Energy distribution per tower vs theta. MARS input file within
250 m; Integration time gate [5 — 25] ns

e NEUIrONS ) [ MUONS v ] [eews AMMAS ]
300 4 s 30 256 30 703
25 I "8 25F I & 25 Iso§
. - 2 : 208 &
_20F s 2 - _20fF —50
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N I S L Iw"; from 250 m only muons
— o — o - -
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> >
eI 80 3
15 151 10 ) )
5 o Lo E s No difference using shorter
RS U s integration time gate
sk 20 sf 4
: : z
C C
% 20 40 60 80 100 120 140 160 180 ° % 20 a0 60 80 100 120 140 160 180 °
0 (deg) 0 (deg)
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Energy distribution per tower vs theta. MARS input file within
25 m; Integration time gate [0 — 300] ns
[ NEULFONS =]
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e T .
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With background particles
within 25 m mostly neutrons
and gammas contribute to
energy into the calorimeter
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Energy distribution per tower vs theta. MARS input file within
25 m; Integration time gate [5 - 105] ns

s NEUTFONS 7] == MUONS == ] [ g@ammas |
30, s s ¥ 805
- 8 I 8 8
25 I35 S  25F I10§i 251 03
- 3ot - i _ 6010
_20F _20f -80 _20f
2 f 25 3 | 2 50
O r o o
15 Lo B15F 60 s 40
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st i) 0 LR e ey R e 0 el b b Ll Lo 0
% 20 40 60 80 100 120 140 160 180 % 20 4 60 80 100 120 140 160 180 % 20 40 60 80 100 120 140 160 180
0 (deg) 0 (deg) 0 (deg)
- electrons — e Others —
30 e 307 < With background particles
i I S Iij% within 25 m mostly neutrons
e | 1,4 and gammas contribute to
200 200 “e0  energy into the calorimeter
> = [
3 50 3 T ~140
15 151 —120 ] ]
L EF L0 Small difference using shorter
RS “of = integration time gate
- 60
5 30 C 40
:_____ L o i ;—‘__ 20
% 20 40 60 80 100 120 140 160 180 ° %20 40 60 80 100 120 140 160 180 °
0 (deg) 0 (deg)
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Energy distribution per tower vs theta. MARS input file within
25 m; Integration time gate [5 — 25] ns

[s: NEULFONS ] (== MUONS =] [ gammas ]
30 ; 503 30 ; gog 30 : 303
251 3  25F 03 251 ns
: I 5 ol
20 _20F g0 _20F
2 > L - 2 | 50
Q 0 et —-50 2
M5 151 51 40
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I1° of 5 = SR g e 1B
r :: - - o -..1... 10 E g = - - — - 10
005 40 60 0 100 120 140 160 750 ° B o e T60- 150 7 020306050 100 §20 40 160 i80 ©
0 (deg) 0 (deg) 0 (deg)
== electrons — e Others ]
30, e 30T < With background particles
- & _ 228 Ly
N > »g  Within 25 m mostly neutrons
i I ¢ and gammas contribute to
<200 S2F 1% energy into the calorimeter
St 150 3 —|140
15 151 120 . .
g I Lo, E -0 Small difference using shorter
RS U = jntegration time gate
60
5 50 51+ _ 40
: ,__; 20

F s ) B TR T ]
% "20 40 60 80 100 120 140 160 180 ° % 20 40 60 80 100 120 140 160 180 °
0 (deg) 0 (deg)
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MARS event overview

Energy distribution of the
background per tower

In barrel section

for different species
using different time gate
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Energy distribution per tower in barrel. MARS input file within
250 m; Integration time gate [0 — 300] ns

[ NEUtrons ===

h_barrel250m000

Entrles &0

60

50{-

-
=
|

#entries/0.1GeV
s

20

10f-

Mean 0.05
RMS 6.082e-10

Energy (GeV)

e b by e
GO 2 4 6 8 10 12

== muons

X

ans FLUKA] [all 250m]

h_barrel250m001

14
12}

-
=

#entries/0.1GeV

Mean 0.07277
RMS  0.08038

Entries 16384

— electrons - -

X110~

h_barrel250m003

6

sl

£y
|

Entrles 6201
Mean 0.05
RMS 1.512e-10

#entries/0.1GeV

o)
I

Ll
2 4 6 8 10 12
Energy (GeV)

=

a #entries/0.1GeV

=]
=]
T

6 8 10

Energy (GeV)

—— others

14

h_barrel250m004

300}

[
(= o
=] =]
LI

&
=]
Lo

h
=
|

Entrles 313
Mean 0.05

RMS  38d8e-10

6 8 10
Energy (GeV)

14

e JAMMAS e

25

#entries/0.1GeV

e
tn

h_barrel250m002

Entries 2467

n N

—

Mean  0.05012

RMS  0.00603%

2 4 6 8 10 12 14

Energy (GeV)

Negligible

background for

all integration

time gate
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Energy distribution per tower in barrel. MARS input file within

25 m; Integration time gate [0 — 300] ns

@ neutrons - :_hanelzsmwn Iﬂ muons h_barral25m001 sacaground snerg gam mas FFFFF an z5m) h_barrel25m002

] BT e

1.6 f_ RMS 0.5009 4 t_ RMS 0.2417 3 :_ I RMS 0.2916
1.4 3.52— 2_5;
1.2 3f
3 f 2 | 3 2F
e 1 2.5} Sl
if:b.s;— 515— 3 1_
0.4 1| [
02:— 055— 05 )
£|||| Ly oo oy ey ey by 1 E.4__.|...|...|. | Sy b 1 :uuulu||||'L.I...I...I...I...I..
% 2 a4 & 8 10 12 14 S 2 4 & 8 10 12 14 % 2 4 6 8 10 12 14
Energy (GeV) Energy (GeV) Energy (GeV)
@ electrons FLUKA| [all 25m) 1 h_barrel25m003 Iﬂ Others yanzsm) h_barrel25m004
e B « oo With background particles
b : within 25 m mostly neutrons
14 12| .

; - and gammas contribute to
> =100 energy into the calorimeter
S 8- s I
€ € 5
£ 6 £ |

af o
2— r
I T o R et e R

Energy (GeV) Energy (GeV)
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Energy distribution per tower in barrel. MARS input file within
25 m; Integration time gate [5 — 105] ns

[~ MUONS

#eptries/0.1GgV

3.5F

(]

th

>

h_barrel25m121

Entries 3918

o)
1

th
T

Mean  0.09107
RMS 0.2518

[mrems. NEULIONS mr]  [roarama
x10.’ Entries 16384
— Mean 1.299
1.6 RMS  0.4988
1.4
1.2
3
2 1
S r
80.81
Er
= .
ﬁ).s_—
0.4
0.2
:|||| N I IR EERII R SR R
% 2 4 & 8 10 12 14
Energy (GeV)
— electrons == [
- Entries 16384
>_<1U Mean 0.05007
161 RMS  0.00259
14
12f-
!
Q1o
=]
o 8f
£
=
£ 6f
Al
2_
:..I...I...I...I...I...I...I..
% 2 4 & 8 10 12 14

Energy (GeV)

4 6 8 10 12 14

Energy (GeV)

Iﬂ 9t h e rs m h_barrel25m124

#entries/0.1GeV

14_—

12}

-
=
T

x10

Entries 16362

Mean 0.108
RMS 0.1968

4 6 8 10 12 14

Energy (GeV)

bacground enengy g am mas \ARS) [180ns 25m] h_barrel25m122

%10 Entries 16384

3 Mean  4.184

L I RMS  0.2752
25—

A

nl) 2 4 6 8 10 12 14
Energy (GeV)

With background particles
within 25 m mostly neutrons
and gammas contribute to
energy into the calorimeter

Small difference using shorter
integration time gate
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Energy distribution per tower in barrel. MARS input file within

25 m; Integration time gate [5 — 25] ns

@ neutrons F— rEl_harraIZSmﬁD m muons mmmmmmmm 2ne 250 hE_baIrraIZSm;;;s seground ey g am mas p— h_barrel25m112

x10 o 03376 wean 007016 310 o 4182

1 3; RMS 0.4768 ”s __ RMS 0.1871 E I RMS 0.2754
1.55' E 2.5:—
140 2 C
> > I > 2
G121t ) g |
% 1 %5_ %1.5:—
o8 £l .
0.4%— 0.5 0_5; J
0.2 L
SN T R PR T R S N TR 57 'i'lL'é"'é"'1h"'1'z'"1'4"
Energy (GeV) Energy (GeV) Energy (GeV)
IE GIECtronS ||||| [20ns 25m] h_barrel25m113 Iﬂ Others M h_barrel25m114
e B ~ ow  \With background particles
b : within 25 m mostly neutrons
14f 12| .

; ; and gammas contribute to
> 108 energy into the calorimeter
S10f- e I
s I s 8
£ °F £ o Small difference using shorter
® o =1 integration time gate

af i

ot 2

R e N T ey e T P
Energy (GeV) Energy (GeV)
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MARS event overview

Summary: total energy distribution
of the background per tower

In barrel section [45° - 135°]

and endcap sections [20° - 45°]
And [8° - 20°]

using different integrated time gate

V. Di Benedetto Muon Collider Physics and Detector Meeting Dicember 15, 2010 3,



Energy distribution per tower in barrel [45°-135°].
Full MARS event

| background energy distribution per tower in barrel 6 [45°+ 135°] |

1200 Entr:s‘_sba":IB384

- Mean 5.833
1000 RMS  0.6356
2 B
o0 Time gate [0 - 3
So00l - Mean 5.83 GeV
i RMS 0.63 GeV
2003—

ST et S T I T S

Energy (GeV)

background energy distribution per tower in barrel 6 [45°+ 135°]

00] ns

B h_barrel
B Entries 16384
1200— Mean  5.113
- RMS  0.6067
1000(—
3 r i
= 800f Time gate [5 - 25] ns
2 ool Mean 5.11 GeV
i RMS 0.61 GeV
2003—
7" DT
Energy (GeV)

background energy distribution per tower in barrel 6 [45°+ 135°]

h_barrel
Entries 16384
Mean 5.591
RMS 0.6336

Mean 5.59 GeV
RMS 0.63 GeV

(=]

Energy (GeV)

In the barrel the
background
fluctuation is ~ 12%
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Energy distribution per tower in endcap [20°-45°] and
[135°- 160°]. Full MARS event

| background energy distribution per tower in part of endcaps |

300] ns

25] ns
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@ r .
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20
0 E . . ) b [ -
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Energy (GeV)

background energy distribution per tower in part of endcaps

#entries/0.1GeV

160 :_ h_left_ec h_right_ec
C Entries 3069 | | Entries 3069
140 — Mean 5.21| | Mean 5135
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o

12 14

In the endcap section
[20°-45°]

the background
fluctuations are ~ 20%
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Energy distribution per tower in endcap [8°-20°] and
[160°-172°]. Full MARS event

| background energy distribution per tower in part of endcaps |

background energy distribution per tower in part of endcaps

303_ En?r_ier.-i;J ht_eeisu Eunl:iEI:ﬂ_eeCs:;z 355_ h_left_eec h_right_eec
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S sl . S 20
£ 15— —_ E : N
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E iy fE an 12. GeV
% é 1|o 1|5 2|0 25 30 ) S S R BRI e s B
Energy (GeV) 0 5 10 Energ}s{GeV) 20 25 30
background energy distribution per tower in part of endcaps ‘
: In the last endcap
50 — h_left_eec h_right_eec
: T part the background
40— RMS 5.2 | | RMS 5.642 -
- — right endcap 0 e[160°: 172°] fIUCtuatlonS are Very
> [
§ 30| — left endcap 6 c[8°: 20°] Iarge ~40%
2 F .
S nl Time gate [5 - 25] ns
- Mean 12. GeV
10 MS 5. GeV
00_ 1 1 1 1 5 1 1 1 1 1|0 1 1 1 | 1|5 1 1 1 1 20 1 1 2'5 1 1 30
Energy (GeV)
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MARS event overview

Point of origin of the background
particles entering the calorimeter
using different integration time gate
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Origin of gammas that enter into the calorimeter.

MARS input file with backaround within 25 m.
Each entries is the integrated energy in an area 10x10 cm? If a particle reach
r the calorimeter from the nose, it don't make shower into the tracker

x10° x10° x10°
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L 20 L 20 L 20
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Origin of neutrons that enter into the calorimeter.
MARS file within 25 m.

Each entries is the integrated energy in an area 10x10 cm? If a particle reach

r the calorimeter from the nose, it don't make shower into the tracker
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Origin of electrons that enter into the calorimeter.

MARS file within 25 m.

Each entries is the integrated energy in an area 10x10 cm? If a particle reach

['L the calorimeter from
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Origin of muons that enter into the calorimeter.
MARS file within 25 m.

Each entries is the integrated energy in an area 10x10 cm? If a particle reach
r the calorimeter from the nose, it don't make shower into the tracker
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Origin of others that enter into the calorimeter.

MARS file within

Each entries is the integrated energy in an area 10x10 cm? If a particle reach

[L the calorimeter from

25 m.

the nose, it don't make shower into the tracker
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Origin of muons that enter into the calorimeter.
MARS file within 250 m.

Each entries is the integrated energy in an area 10x10 cm? If a particle reach

[L the calorimeter from

the nose, it don't make shower into
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‘Dhysics processes vs background

First attempt to get
MuonCollider background
and Physics together
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Z->|j event with MuonCollider background Event 3

Full
calorimeter
view

_—~gnal energy distri  9n per tower |7 background + signal energy distribution per tower (zoom) |

5 50
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Z->|j event with MuonCollider background Event 8

Full
calorimeter
view
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| background energy distribution per tower
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Reconstructed jets energy spectrum

Energy spectrum of reconstructed jets htmp
Entries 9226
250 — Mean 156.1
. Jetl RMS  106.5
200 /
150/ Jet2
100
50 -
u | | | | | | | | | | | | | | | | | | | | | | | 1
0 100 200 300 400 500 600 700

Energy (GeV)

Jet's energy spectrum of reconstructed jets
(bin = 5GeV) Pick between 100 - 200 GeV
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Physics and background:
some comment

® Jets develop in 16 — 25 towers; mean energy 150 GeV

® Background in barrel:mean energy 5 GeV RMS 0.6 GeV
Jet energy fluctuation after background pedestal cut
2.5 -3 GeV

® Background in endcap > 20°: mean energy 5 GeV RMS 1. GeV
Jet energy fluctuation after background pedestal cut
5-6GeV

® Background in endcap < 20°: mean energy 12 GeV RMS 5. GeV
Jet energy fluctuation after background pedestal cut
20 — 25 GeV
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Merging issues to be addressed

®Merging is done from SDigits to Digits (inherited by AliRoot)

® For Alice this work fine. In high multiplicity event PbPb ions
they have ~2x10* particles per event

®In a MuonCollider MARS background event there are
~1x10° particles per event

®To be able to simulate a full MuonCollider background event
| split it in ~2x10° subsections

® Using the classic merge technic is time expensive
®Different approach can be used: FastClusterization; it is less

accurate but can be more efficient. Need some time
to implement this merging technic
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Conclusion

* Accurate study about MuonCollider
background have been presented

* Below 20° is complicate do Physics
» Some time it is need to implement a more
efficient merging of background and

Physics
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Back-up slides
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Energy distribution per tower in barrel. MARS file within 250 m;
Time gate [5 — 105] ns
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Energy distribution per tower in barrel. MARS file within 250 m;

Time gate [5 - 25] ns
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